The aim of the study was to determine menopause-related changes in serum levels of main proinflammatory and anti-inflammatory cytokines.
Introduction
Menopause is a turning point in every woman's life, the final episode of menstrual bleeding associated with cessation of the activity of ovarian follicle, resulting in the permanent cessation of menstruation. The onset of menopause is generally associated with a hormone deficiency, which is a contributory factor for the increased incidence of osteoporosis, cardiovascular diseases, vasomotor disturbances and cognitive deterioration [1] . Recent studies have established that the onset of menopause is associated with a low systemic inflammatory status, an inflammation manifested by increased serum levels of the key proinflammatory cytokines, interleukin (IL)-1, IL-6 or tumour necrosis factor α (TNF-α) [2, 3] .
The relationship between hormonal declines associated with menopause and increased serum levels of proinflammatory cytokines is not yet fully understood. There are studies showing that postmenopausal women have elevated serum levels of proinflammatory cytokines, especially IL-6 and TNF-α [1, 2] . Also, a recent study demonstrated that elevated levels of IL-8 in premenopausal, perimenopausal and postmenopausal women and bilateral oophorectomized women with severe hot flushes were significantly higher than those in women without hot flushes [4] . On the other hand, it has been shown that osteoporotic women have increased levels of proinflammatory and adipogenic cytokines at the level of the bone marrow supernatant fluid (BMSF) [5] .
Conversely, anti-inflammatory cytokines are immunoregulatory molecules that control proinflammatory cytokine response and activity; their leading representatives are IL-1 antagonist receptor, IL-4, IL-10, IL-11 and IL-13 [6] . For example, IL-10 is a cytokine that is currently regarded as a potential therapy for inflammatory diseases involving T helper 1-type responses and it induces the differentiation of a subset of regulatory CD4+ T cells (Tr1). These cells were shown to inhibit Th1-and Th2-type inflammatory responses through the secretion of IL-10 [7] .
All these studies suggest the involvement of proinflammatory cytokines in the pathology of most diseases associated with menopause, but none assess the relationship between proinflammatory and anti-inflammatory cytokines at the same time, thus characterizing a full cytokine profile in menopause. This study aims to evaluate proinflammatory and anti-inflammatory cy-tokine profile in relation to menopause and their relation to the hormonal status.
Material and methods

Subjects
The study was conducted between 01.02.2011 and 31.12.2011 in "Dominic Stanca" Obstetrics and Gynaecology Clinic, Cluj-Napoca, Romania.
The study included 175 patients admitted to the clinic, who were divided into five groups as follows: group I (control group) -35 healthy non-pregnant women of reproductive age (aged 20-40 years old); group II (premenopausal women) -40 healthy non-pregnant women in pre-and perimenopause (aged 46-53 years old), with regular menstruation or who had been without menstruation for no more than 6 months; group III (postmenopausal women) -40 women in natural menopause (amenorrhea for at least 12 months) aged 54-65 years old, excluding patients with surgical or radiation induced menopause; group IV (surgically-induced menopause) -35 women in surgically induced menopause (total hysterectomy with bilateral adnexectomy or simple bilateral adnexectomy) for at least 6 months, regardless of their age; none of the patients included in groups I-IV presented any acute or chronic inflammatory disease or were under recent corticosteroid treatment or under local oestrogen therapy or hormone replacement therapy; group V (chronic inflammation) -25 non-pregnant women of reproductive age (aged 20-40 years old) with chronic inflammatory disease associated with low-grade systemic inflammation (psoriasis -8 patients, systemic lupus erythematosus -8 patients, antiphospholipid syndrome -3 patients, alopecia areata -2 patients, rheumatoid polyarthritis -2 patients, scleroderma -2 patients, endometriosis -1 patient), excluding patients with natural or surgically induced menopause before the age of 40, patients under local oestrogen therapy or hormone replacement therapy in the past 12 months.
Before enrolment, the purpose of this study had been explained to all patients and their informed consent was received. The study was conducted under the Declaration of Helsinki. The study was approved by the Ethics Committee of the "Iuliu Haţieganu" University of Medicine and Pharmacy, Cluj-Napoca, Romania.
Data were collected for each subject included in the study in a form containing general and anthropometric data (weight, height), the heredo-collateral history, personal pathological history, and data on the age and onset of menopause, data on the symptoms that appeared after the onset of menopause. The body mass index (BMI) was calculated as the ratio between the weight (kg) and the squared height (in metres). 5 ml of venous blood was collected from each patient before breakfast, which was used to determine the complete blood count. Blood was centrifuged and the serum obtained was stored at -20 o C for future determinations.
Cytokine dosage
We used multiplex cytokine kits (Fluorokine MAP Human MultiAnalyte Kit; 2 pieces) in order to measure serum levels of 11 cytokines: IL-1α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-17, IL-20 and TNF-α. Dose measurements were performed with the use of a Luminex 200 system (Luminex Corporation, Austin, TX, USA) in accordance with the manufacturer's specifications (R&D Systems, Minneapolis, MN, USA). The sensitivity of the test was specified by the manufacturer (R&D Systems, Minneapolis, MN, USA) in the informative material included in the kits.
The average sensitivity of the test for IL-1α was 0.24 pg/ml, and the intratest and intertest variation coefficients ranged from 6.0% to 6.6% and 9.3% to 14.3%, respectively. The average sensitivity of the test for IL-1β was 0.27 pg/ml, and the intratest and intertest variation coefficients ranged from 5.1% to 5.5%, and 7.4% to 10%, respectively. The average sensitivity of the test for IL-2 was 0.89 pg/ml, and the intratest and intertest variation coefficients ranged from 3.1% to 5.2%, and 9.7% to 13.2%, respectively. The average sensitivity of the test for IL-4 was 1.75 pg/ml, and the intratest and intertest variation coefficients ranged from 3.0% to 4.3%, and 9.4% to 15.9%, respectively. The average sensitivity of the test for IL-5 was 0.33 pg/ml, and the intratest and intertest variation coefficients ranged from 4.8% to 6.5%, and 4.5% to 9.5%, respectively. The average sensitivity of the test for IL-6 was 0.36 pg/ml, and the intratest and intertest variation coefficients ranged from 4.3% to 4.7%, and 5.9% to 7.9%, respectively. The sensitivity of the test for IL-8 was 0.39 pg/ml, and the intratest and intertest variation coefficients ranged from 4.6% to 7.8%, and 11.6% to 18.7%, respectively. The average sensitivity of the test for IL-10 was 0.13 pg/ ml, and the intratest and intertest variation coefficients ranged from 5.2% to 6.4%, and 7.3% to 10.1%, respectively. The average sensitivity of the test for IL-17 was 0.39 pg/ml, and the intratest and intertest variation coefficients ranged from 3.6% to 5.3%, and 7.6% to 8.1%, respectively. The average sensitivity of the test for IL-20 was 2.63 pg/ml, and the intratest and intertest variation coefficients were 6.2% and 9%, respectively. The test for TNF-α revealed an average sensitivity of 0.6 pg/ml, with intratest and intertest variation coefficients that ranged from 3.7% to 4.8%, and 6.2% to 7.3%, respectively.
Determination of steroid sex hormones
The steroid sex hormones were determined based on the samples stored at -20°C on the EDTA according 
Results
Table I presents all the parameters considered for the study. Significantly low values of 17β-E2 and p are noted, for menopause groups, as well as a significant increase in FSH and LH when compared to group 1 (controls) (p < 0.001).
Serum concentration of IL-20 was detectable in all women under the study. Serum concentrations of IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-17 and TNF-α were detected in 74.28%, 55.42%, 56.57%, 56.57%, 98.28%, 47.42%, 47.42%, respectively, that is 89.71% of the patients under the study. By contrast, serum concentrations of IL-1α and IL-5 were detected in only 6.85% and 16.57%, respectively, of the patients.
IL-1α showed undetectable levels in groups 1, 2, 3 and 4. In the case of fertile patients with chronic inflammatory diseases (group 5), 12 patients had detectable amounts of IL-1α (mean (SD): 181.06 (42.98), median: 185.2), the remaining patients having values below the minimum detectable value. IL-5 was sporadically detected in groups 1, 2 and 5 and we could only find a single value in group 3 and no value in group 4. The data obtained on IL-5 could not be interpreted statistically.
As shown in Figure 1 , IL-1β serum levels were significantly higher in patients with natural and surgically induced menopause compared with patients in the control group (mean 5.318, 3.479, and 2.317, respectively; p = 0.033, p = 0.05, and p = 0.014, respectively).
Regarding IL-2, IL-4 and IL-6, detectable values were present in groups 1, 2 and 5, while in groups 3 and 4, including women with natural and surgically induced menopause, their values were below the minimum detectable level. The results show that for all cytokines, the median serum levels showed no statistically significant differences between fertile patients and patients to the technical specifications provided by the manufacturer.
Luteinizing hormone (LH) and follicle stimulating hormone (FSH) serum values were evaluated using immunoenzymatic assays by sandwich ELISA, according to the specifications provided by the manufacturer (NovaTec Immunodiagnostica GmbH, Dietzenbach, Germany). The sensitivity of the tests was 0.22 mIU/ml in the case of LH, and 0.22 mIU/ml in the case of the FSH, while the coefficients of variation were ≤ 9.21% for intratest and ≤ 7.91% for intertest in the case of the LH, and ≤ 5.1% for intratest and ≤ 7.6% for intertest in the case of the FSH.
Serum levels of 17β-estradiol (17β-E2), progesterone (P) and dehydroepiandrosterone sulfate (DHEAS) were evaluated by competitive ELISA immunoenzymatic assays, according to the specifications provided by the manufacturer (NovaTec Immunodiagnostica GmbH, Dietzenbach, Germany). The sensitivity of the tests was 8.68 pg/ml for 17β-E2, 0.05 ng/ml for P, 0.03 mg/ ml DHEAS. The coefficients of variation were ≤ 9% for intratests and ≤ 10% for intertest in the case of 17β-E2, ≤ 4% for intratests and ≤ 9.3% for intertests in the case of P, and ≤ 5.7% for intratests and ≤ 9.6% for intertests in the case of DHEAS.
To determine dehydroepiandrosterone (DHEA) we used ELISA competitive immunoenzymatic assay, in accordance with the manufacturer's specifications (DRG Instruments GmbH, Marburg, Germany). The sensitivity of the test was 0.108 ng/ml, with the coefficients of variation ranging between 3.84% and 6.92% in the case of the intratests, and 3.75% and 9.96% in the case of the intertests.
Statistical analysis
Data are presented as the group mean (SD) and median (1 st quartile -3 rd quartile). We compared baseline data using a t test for continuous variables. Pearson's simple correlation allowed us to study the association between two variables. Statistical analyses were per- in pre-menopause. In contrast, fertile patients with associated chronic inflammatory diseases (group 5), have serum levels of IL-2, IL-4 and IL-6 that are significantly higher than in fertile and premenopausal patients without chronic inflammatory diseases. Table II presents mean IL-2, IL-4 and IL-6 levels. IL-8 serum levels were significantly higher in postmenopausal women and in women with surgically induced menopause compared to fertile women without chronic inflammatory disease (p < 0.001, and p = 0.045, respectively), while IL-8 serum levels in fertile patients without chronic inflammatory diseases were significantly lower than in those with inflammatory pathology (p = 0.02). IL-8 serum levels in groups 3 and 4 -post-menopause and surgically induced menopause -are similar to those in group 5 -chronic inflammation. All these data are presented in Table III . Table IV shows that there is no correlation between serum levels of IL-8 and 17β-E2 or DHEA values in pre-, peri-and postmenopausal women and in patients with surgically induced menopause.
IL-10 and IL-17 had detectable values only in groups 1, 2 and 5, while in groups 3 and 4, their values were below the minimum detectable level. There were no statistically significant differences between the 3 groups for any of the two interleukins. Table V shows the serum levels obtained.
Regarding IL-20, we detected a statistically significant decrease in serum levels in postmenopausal women and with surgically induced menopause in comparison with those in fertile and premenopausal women (mean 1.001, 2.345, 3.153, and 3.371, respectively; p < 0.001, and p = 0.05, respectively). Figure 2 presents the mean IL-20 value among the 4 groups, the standard deviations and the p-values.
At the same time, Figure 3 shows that serum levels of TNF-α in postmenopausal women and in patients with surgically induced menopause were significantly higher compared with those in fertile women in the group control (mean 81.47, 107.03, and 49.39, respectively; p = 0.034, p = 0.038, and p = 0.009, respectively).
Discussion
In our study we demonstrated changes in serum levels of 11 pro-and anti-inflammatory cytokines and changes occurring during the menopausal transition. IL-1α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-17, IL-20 and TNF-α serum levels were measured using a Luminex 200 system. Previous studies evaluated the possibility of detecting serum cytokines related to menopause, but with different limitations due to the small volume of the sample, or due to the small number of markers studied [8] [9] [10] [11] . More recent studies using Luminex technology have managed to simultaneously evaluate a large number of cytokine markers, while also assessing the temporal reproducibility of these cytokines in serum samples [12] [13] [14] [15] .
In this study we showed that IL-1β, IL-8 and TNF-α serum levels are significantly higher in women with natural and surgically induced menopause than in fertile women in the control group. Moreover, in patients with natural and surgically induced menopause, IL-8 serum levels are similar to those seen in patients presenting chronic inflammatory diseases. A recent study confirmed the presence of elevated serum levels of IL-8 in postmenopausal women presenting severe hot flushes compared with women without hot flushes; therefore, this cytokine may be involved in the occurrence and severity of hot flushes [4] . An association between serum levels of IL-8 and peripheral vasodilatation has also been reported [16] . Recent studies have suggested that IL-1β has a gene polymorphic role in the pathogenesis of osteoporosis in postmenopausal women, which is an independent risk factor for osteoporosis, but that IL-1 could participate in the primary reduction of bone mass in children [17] [18] [19] . On the other hand, it seems that TNF-α is involved in tumour-induced bone resorption and in non-tumour induced osteopenia [20] . We also found a statistically significant decrease in serum levels of IL-20 in women in menopause and in women in surgically induced menopause, than in fertile and pre-menopausal women. It seems that IL-20 is involved in a number of diseases associated with chronic inflammation, such as psoriasis, rheumatoid arthritis and atherosclerosis [21] . It has been shown that IL-20 and its receptor are expressed in atherosclerosis plaques, which may be involved in the onset and progression of atherosclerosis and cardiovascular diseases [22] . At the same time, there are previous studies that reported elevated serum levels of IL-20 in obese women compared with normal weight women, and these levels decreased after weight loss [23] . Currently, there are no studies to investigate the changes in serum levels of IL-20 in relation to menopause. Our study does not support the pro-inflammatory effect of IL-20 after menopause, as the serum levels are lower compared to the genital activity period. On the other hand, the contradictory results could be due to different selection of patients and more studies are needed to clarify the IL-20 effect after menopause.
Regarding the other cytokines studied, except for IL-1α and IL-5 whose values could not be interpreted statistically, IL-2, IL-4, IL-6, IL-10 and IL-17 were detected in groups 1, 2 and 5 in significant proportions, between 64% and 100% and were undetectable in groups 3 and 4. Failure to detect these cytokines in groups 3 and 4 could be a result of the use of regular assays for cytokine detection instead of high-sensitivity assays. In the case of IL-2, IL-4, IL-6, there was no statistically significant difference between fertile patients and premenopausal patients. In contrast, chronic inflammatory pathology-associated serum levels of IL-2, IL-4 and IL-6 were significantly higher than in women without chronic inflammatory diseases -in both fertile and premeno- [2, 24, 25] . Also, recent studies show an increase in IL-2 and IL-6 in relation to menopause and their involvement in major depressive disorders [26, 27] . IL-4 and IL-10 are part of anti-inflammatory cytokines. There are studies showing an increase in inflammatory cytokines IL-4, IL-10 and IL-12, alongside TNF-α, after menopause, as a compensatory mechanism, by which these cytokines counteract to pro-inflammatory TNF-α [28] . As far as IL-17 is concerned, currently there are no studies to clarify its relation to menopause. Instead, there are numerous studies showing the pro-inflammatory role of IL-17 and its involvement in immune and autoimmune diseases, such as rheumatoid arthritis, asthma, lupus or antitumor immunity [29, 30] . Our study does not confirm nor deny the pro-and anti-inflammatory role after menopause of the above cytokines, due to the lack of serum levels in the groups including postmenopausal and surgically induced menopausal women. Increased levels of pro-inflammatory cytokines and changes in serum levels of anti-inflammatory cytokines after menopause may be associated with monocytes and macrophages function, which is impaired due to oestrogen deficiency. The implications of these cytokines in the development and progression after menopause of important diseases such as osteoporosis, cardiovascular diseases, hot flushes or depressive syndrome, have been extensively studied, but there are still many gaps.
The main limitation of our study is lack of highsensitivity assays usage instead of regular assays, as the former could probably offer the possibility to detect much smaller values of the cytokines studied and therefore small changes in their serum levels after menopause. However, the use of the multiplexed cytokine assay is a more effective alternative for the determination of several cytokines, by reducing the plasma volume required, the time needed, and by increasing sensitivity and reducing costs.
Conclusions
Our study examined the changes that occur at menopause in the case of 11 pro-inflammatory and antiinflammatory cytokines using the multiplexed cytokine assay. We have shown that IL-1β, IL-8 and TNF-α serum levels are significantly higher in women with natural and surgically induced menopause compared with those in fertile women in the control group, and that in fertile patients, without chronic inflammatory diseases, serum levels of IL-8 are significantly lower than in those with inflammatory pathology. By contrast, IL-8 serum levels in postmenopausal and surgically induced menopausal women are similar to those in women presenting chronic inflammatory pathology. We have also shown a statistically significant decrease in serum levels of IL-20 in women with menopause or surgically induced menopause than in fertile and premenopausal women. Further studies are needed to fully clarify all the discrete changes that occur in the serum levels of the key pro-and anti-inflammatory cytokines in relation to menopause. 
